An oxygen-doped GeSbTe interface layer improves the overwriting characteristics of the phase-change optical disk in the blue wavelength. The thermal and optical properties of oxygen-doped GeSbTe film and its crystal structure were investigated. Crystallization temperature and activation energy of the amorphous Ge-Sb-Te-O films are increased with the oxygen concentration while the melting point is decreased. The refractive index of the crystalline state monotonically increases with the oxygen concentration of the film, while its extinction coefficient monotonically decreases. In terms of the crystalline structure, fcc characteristic peaks disappear gradually with oxygen concentration, and above 35 at.% of oxygen, hexagonal peaks appear.
Introduction
Recently, the demands for a huge data storage capacity and fast data rate for rewritable optical media are very high. To enlarge the data storage capacity, there are two representative means to increase the numerical aperture (NA) of the objective lens and to reduce the laser wavelength. By using a blue laser diode with a NA of 0.65, a data capacity above 15 GB can be easily attained. However, the achievement of the direct overwrite (DOW) jitter characteristics of a disk is important at this wavelength.
The DOW jitter characteristics of a phase-change optical disk using an oxygen-doped GeSbTe film as a recording layer or an interface layer in the red wavelength were previously reported. [1] [2] [3] In this study, we investigated the optical and thermal properties of the oxygen-doped GeSbTe film and its effect on the recording properties using an interface layer in the blue wavelength.
Experimental
To investigate the optical properties and the crystal structure of oxygen-doped GeSbTe films, 200-nm-thick films were deposited by reactive sputtering with a Ge 2 Sb 2 Te 5 target in the mixture gases of Ar and O 2 on a Si(100) wafer. The sputtering power used in this experiment was DC 100 W, and the background pressure and Ar/O 2 mixture gas pressure were 1.4 × 10 −5 Pa and 0.67 Pa, respectively. The oxygen contents of the films in the range of 0-52.6 at.% were controlled by changing the ratio of O 2 and Ar gas flow rates. The oxygen contents were determined using elastic recoil detection by time of flight (ERD-TOF).
The complex refractive index of each specimen was numerically calculated by inverting the spectroscopic ellipsometry (SE) data in the spectral range of 1.8-4.0 eV (310-688 nm). A differential scanning calorimeter (DSC, Perkin Elmer DSC-7) was employed to measure the crystallization temperatures of the amorphous films with various oxygen contents at the heating rates of 5, 10 and 20
• C/min and differential thermal analysis (DTA, Perkin Elmer) was used to measure the melting point of the alloy thin film at the heating rate of 10
• C/min. * E-mail address: thj@lg-elite.com The samples were crystallized by annealing at 250
• C for 20 s in an annealing oven and analyzed by X-ray diffraction (XRD) using a computer-controlled diffractometer (Ragaku D/MAX 3-C), in which a graphite monochromator filters X-rays from the Cu tube (Cu Ka, λ = 1.542 Å). Data were collected in the diffraction angle range of 2θ = 20
• to 80
• , at the scanning rate of 2
• /min and with the step of 0.02 • . A five-layered disk structure was used to study the effect of the disk with an oxygen-doped film as an interface layer on the recording properties. Sample disks were sputter-deposited on a polycarbonate substrate in the following sequence: PC substrate/(ZnS) 80 Table I . Figure 1 reveals the wavelength dependence of optical constants (refractive index n and extinction coefficient k) at four different oxygen concentrations. It shows that n of the asdeposited state slightly decreases and its k monotonically decreases with oxygen content. On the other hand, n of the crystalline state monotonically increases, while its k monotonically decreases with oxygen content.
Results and Discussion
The mechanisms of optical constant variation can be explained by the following two models which involve the increase of the strain field and the transition of the chemical bonding state from the metallic mode to the dielectric mode. For the first model, when oxygen is doped into the Ge 2 Sb 2 Te 5 film, it can be located at the tetrahedral interstitial site. Because the atomic size of oxygen is quite small compared with those of Ge, Sb, and Te, oxygen cannot replace Ge, Sb and Te atoms. Since the volume of a tetrahedral site is not sufficiently large for an oxygen atom to occupy it, a doped oxygen atom occupying the tetrahedral site distorts the unit cell and increases the lattice parameter. 4) This results in strain fields in the film. The optical properties of strained crystals are described by the symmetric second-rank tensors n and k. The symmetry of the crystal is reduced by the application of stress. For small strains, the change in optical properties is mostly considered to be directly proportional to stressinduced changes. 5, 6) For the second model, since oxides are more covalent in nature than Ge 2 Sb 2 Te 5 alloy in the metallic state, some of the chemical bonds are expected to change from metallic to dielectric with oxygen doping. Thus, the extinction coefficient k monotonically decreases with oxygen content. [7] [8] [9] Complex refractive indices at wavelengths of 650 nm and 400 nm are shown in Fig. 2 . At 650 nm, the n and k of the as-deposited state gradually decrease with oxygen content. While n of the crystalline state increases and is finally saturated, its k decreases with oxygen content. At 400 nm, the difference in optical constant between the as-deposited and the crystalline state is small in the case of oxygen concentration above 3.8 at.%. Figure 3 shows the XRD patterns of the annealed specimens with oxygen contents of 2.9, 3.8, 12.3, 20.8, 35.0 and 52.6 at.%. When oxygen is added to the GeSbTe-alloy film above 3.8 at.%, the characteristic peaks disappear. Under the condition of oxygen content above 35.0 at.%, the character- istic peaks of a new phase appear. To analyze the crystal structures of these phases, two representative samples, one which did not contain any oxygen and one which contained 35.0 at.% of oxygen, were chosen, as shown in Fig. 4 . The crystal structure which does not contain any oxygen is identified as a face-centered cubic (fcc) structure, that is well known as a Ge 2 Sb 2 Te 5 structure, 10) and the lattice parameter is calculated as a = 0.6004 nm, which is in good agreement with a previous report.
11 ) The crystal structure which contains 35.0 at.% of oxygen is identified as a hexagonal structure 4, 12) and the lattice parameters are calculated as a = 0.4451 nm and c = 0.5902 nm. The differences in the lattice plain spacing between the calculated values and the measured ones are less than ±0.0005 nm for fcc and hexagonal structures, as shown in Table II . Figure 5 shows the exothermic peaks in DSC profiles, indicating the crystallization of Ge-Sb-Te-O films. The crystallization temperature increases with the increase of oxygen content in the film, while the melting point decreases, as shown in Fig. 6 . The enthalpy differences between the as- deposited and the crystalline states decrease with oxygen content, while the activation energy increases, as shown in Fig. 7 .
To calculate the activation energy for the crystallization, three different crystallization temperatures at different heating rates were plugged into a Kissinger plot.
13) Figure 8 shows the jitter characteristics of the disks as a function of the number of DOW cycles. There exists a large increase in jitter for the disk without the Ge-Sb-Te-O interface layer. In this figure, we can point out that jitter increase can be reduced by using a Ge-Sb-Te-O film as the interface layer. This can be correlated with the acceleration of the crystallization rate of the recording layer and the erasability increase of the disk.
1) It can be explained that the decrease in the T. H. JEONG et al. thermal conductivity of the interface layer is due to oxygen doping, which suppresses the thermal diffusion of the disk.
Conclusions
An oxygen-doped GeSbTe interface layer improves the overwriting characteristics in the blue wavelength. The oxygen-doped interface layer accelerates the crystallization rate of the recording layer. The crystallization temperature and activation energy of the Ge-Sb-Te-O film increase with the oxygen content, and its melting point and enthalpy difference decrease. The crystal structure of the Ge-Sb-Te-O film is transformed from a fcc to a hexagonal structure with oxygen content. The refractive indices of the crystalline state monotonically increase with oxygen content while its extinction coefficients monotonically decrease. The applicable oxygen content is lower than 3.8 at.% in terms of the optical properties.
